Five patients with tricuspid stenosis accompanying mitral stenosis were studied. The characteristic features include a diastolic rumbling murmur in the tricuspid area, accentuated by inspiration, prominent "a" wave in the jugular pulse, prominent P wave in the electrocardiogram, absence of physical or electrocardiographic signs of right ventricular hypertrophy, and disproportionate right atrial enlargement by fluoroscopy. The diagnosis may be confirmed by the presence of a significant diastolic pressure gradient across the tricuspid valve. Mitral valvuloplasty alone produces no improvement. The concept of "functional tricuspid stenosis" is introduced and a one-stage operative technic for both mitral and triscuspid valvuloplasty described.
T RICUSPID stenosis rarely exists as a solitary valvular disease. In various autopsy studies it has occurred in 10 to 15 per cent of patients with chronic rheumatic valvular disease.' 2 It is most frequently associated with combined aortic and mitral valvular lesions."' 2 Mitral stenosis without aortic valve disease is complicated by tricuspid stenosis in about 6 per cent of the instances.3 The principal symptoms and signs of tricuspid stenosis may be obscured by those of concomitant mitral stenosis, and the diagnosis of the combined lesion is easily missed.
Since scattered case reports have shown that patients with combined mitral and tricuspid stenosis may not improve following mitral valve surgery alone,3' 5, 6 and since tricuspid stenosis can be surgically corrected, the detection of significant tricuspid stenosis is of paramount importance. This lesion may be strongly suspected from the presence of certain symptoms, signs and changes in the electrocardiograms and roentgenograms. A correct diagnosis may be established by cardiac catheterization and confirmed by exploration of the tricuspid valve.
In the past five years, hemodynamic studies of tricuspid stenosis have been reported in only 10 cases3-9 and this condition has not been generally recognized.
During the past three years, we have studied, preoperatively, about 100 patients with mitral stenosis by means of cardiac catheterization. Five of these had significant tricuspid stenosis. The clinical diagnosis was made before catheterization in 4 cases and confirmed by operation. The diagnosis in one case was made only in retrospect, during a review of catheterization data, and was subsequently confirmed by autopsy.
The purpose of this paper is (1) to report the results of the clinical and hemodynamic studies of these 5 cases, (2) to emphasize the diagnostic criteria of this condition, (3) to stress the importance and feasibility of tricuspid valvuloplasty in patients with combined mitral and tricuspid stenosis and (4) delivery, the edema subsided and the patient felt quite well for about a year. At age 28, she had acute rheumatic fever and was bedridden for about two months. Subsequently, she had progressive exertional dyspnea, lassitude, and intermittent ankle edema. After an episode of acute pulmonary edema the following year, she was digitalized and required intermittent mercurials to keep her edema-free. Several months later, she had another episode of pulmonary edema followed by "pneumonia" and severe hemoptysis, which required three weeks of hospitalization. On Dec. 2, 1952 physical examination revealed a pallid, noncyanotic woman, who was not orthopneic or dyspneic at rest. The cervical veins were slightly distended without intrinsic venous pulsation. The lungs were clear. The apical heart rate was 108 per minute and the rhythm was regular. The first mitral sound and second pulmonic sounds were accentuated. In the mitral area were heard a grade 2 systolic murmur and a rumbling presystolic murmur. Blowing systolic and early diastolic murmurs were heard along the left sternal border but were also readily heard at the right sternal border. Along either border of the sternum an additional murmur was heard in middiastole. The blood pressure was 140/95 and the liver was just palpable.
A 12 lead electrocardiogram ( fig. 1 ) showed right axis deviation and high peaked P waves indicating right atrial hypertrophy, but no evidence of either right or left ventricular hypertrophy.
FliuorosCopy and roentgenograms revealed generalized cardiomegaly with clear lung fields. The left ventricle overlapped the vertebral column by 2 cm. in the left anterior oblique view. The right ventricle was considerably enlarged, there was also some enlargement of both atria, the right more so than the left.
On Dec. 16, 1952, cardiac catheterization was performed. Blood-gas analysis failed to disclose left-to-right shunting but indicated mild arterial oxygen unsaturation at rest. Following exercise, the arterial blood became normally saturated. The cardiac output and A-V oxygen difference were within normal limits. There was a definite diastolic pressure gradient across the tricuspid valve which was not appreciated at this time ( fig. 2) . During a review of the intracardiac tracings, a diagnosis of both mitral and tricuspid stenosis was suspected.
Mitral valve surgery was advised but the patient refused. She became steadily worse and was admitted to another hospital where she died on Jan. 22, RIGHT Right atrial and right ventricular pressure tracings obtained through a double-lumen catheter in a patient (case 2) with tricuspid stenosis before and three months after mitral and tricuspid valvuloplasty. In the preoperative tracings, the right ventricular end-diastolic pressure fell toward normal after exercise. In the postoperative tracings there was no longer any diastolic pressure gradient across the tricuspid valve at rest or after exercise.
Case 3. L. F. A 42 year old housewife had acute rheumatic fever at age 14 and was found to have a heart murmur at age 22. Five years prior to admission, she developed increasing exertional dyspnea and fatigue to the point of inability to walk more than a block. She also noticed pulsation of the neck vessels and frequent palpitation of the heart. Physical examination showed dyspnea on slight exertion and stasis cyanosis of the face and ear lobes. The jugular veins were distended and a distinct "a" wave was demonstrable. There were classical signs of mitral stenosis. In addition, a rumbling diastolic murmur, exaggerated by deep inspiration, was audible at the tricuspid area. There was a distinct opening snap at the apex and along the left sternal border. The liver was palpable 2 cm. below the costal margin.
An electrocardiogram showed a tall P wave in leads 2, 3 and V1 and was suggestive of right ventricular hypertrophy ( fig. 1) A phonocardiogram confirmed the tricuspid diastolic murmur, which was intensified (luring inspiration ( fig. 6) . A 12 lead electrocardiogram showed atrial fibrillation, right axis deviation, and abnormal T waves and ST segments in the precordial leads. There was no hypertrophy of either ventricle. Fluoroscopy and roentgenograms of the chest revealed enlargement of both atria, particularly the right, and of the right ventricle, and questionably the left ventricle. The pertinent data of the cardiac catheterization are tabulated in table 1. Cineangiocardiogram showed retention of radiopaque substance in a large right atrium.
On March 1, 1955, a thoracotomy was performed and revealed a fairly adherent pericarditis. The mitral valve was fibrotic, opened quite widely and admitted 2 fingers; there was a definite regurgitant jet. When the right atrium was entered, the tricuspid valve leaflets were found to be thin and the orifice was estimated at 1.5 sq. cm. The fused posterior superior commissure of the valve was fractured, whereupon the valve opened widely. A slight regurgitant jet felt before the fracture was not altered by the procedure. Before the fracture of the tricuspid valve the right atrial mean pressure was 12 mm. Hg; immediately following the fracture it decreased to 6 mm. Hg (fig. 7) wave. Examination of the heart showed the point of maximum impulse to be in the sixth intercostal space along the left midelavicular line. The first mitral sound was slightly accentuated and the second pulmonic sound was louder than the second aortic sound and was split. A blowing decrescendo, early diastolic murmur of grade 2 intensity, accentuated by inspiration, was heard over the base of the heart but maximal along the left sternal border. In addition, a soft systolic murmur was heard over the base. At the tricuspid area there was a grade 3 rumbling middiastolic murmur, which was intensified by inspiration and decreased during expiration. At the apex, there was a middiastolic rumbling murmur of grade 3 intensity with presystolic accentuation. The lungs were clear to percussion and auscultation. The liver was palpable about 2 fingeroreadths below the costal margin. There was no peripheral edema.
A 12 lead electrocardiogram ( fig. 1) showed a rate of 90 and a first degree A-V block. The P waves were very broad, tall and notched in leads 1, 2 and aVF. The eletrocardiographic position of the heart was vertical. A high peaked P wave was also present in lead V,. There was no evidence of either right or left ventricular hypertrophy.
Fluoroscopy and roentgenograms of the chest ( fig. 3) showed an increased cardiac silhouette with the right heart border projected well to the right of the spine and round in contour. The pulmonary artery segment was normal and the left ventricular border was rounded and prominent. In the right anterior oblique position, both atria appeared enlarged and the pulmonary artery segment was prominent. In the left anterior oblique view, the right ventricular enlargement was quite distinct. On March 22, 1955, cardiac catheterization revealed a diastolic pressure gradient across the tricuspid valve, which was accentuated following exercise (table 1 and fig. 8 ).
In June, 1955, thoracotomy disclosed moderately severe mitral stenosis for which an adequate valvuloplasty was performed. The tricuspid valve, which would admit no more than the index finger up to the second joint, was considerably enlarged by finger fracture. _Mitral valvuloplasty resulted in a fall in left atrial, but no change in right atrial, pressure. Following tricuspid valvuloplasty the right atrial pressure fell. The pulmonary artery pressure changed little throughout. Three months later, the patient claimed marked improvement in exercise tolerance. She was able to do all the housework without symptoms. The cervical veins were no longer distended although a distinct "a" wave was still visible. The size of the heart became smaller and the rumbling diastolic murmur over the tricuspid area was less distinct. All these 5 patients were women. Their pertinent symptoms and signs are listed in table 2. Three patients had had acute rheumatic fever and the other 2 had had scarlet fever. All were severely disabled by exertional dyspnea and fatigue, 4 were aware of pulsation in the neck; palpitation and peripheral edema or ascites were present in 3 cases. In agreement with the findings described by McCord and his associates9 and by Chesterman and Whitaker,6 the most characteristic physical signs were distended cervical veins and a rumbling diastolic murmur over the tricuspid area. The tricuspid diastolic murmur was intensified during inspiration in 4 patients, in whom the diastolic murmur of mitral stenosis was usually diminished with deep inspiration. The second pulmonic sound was slightly accentuated and split in 4 cases. Even though the patients were greatly disabled, the physical signs of marked pulmonary hypertension were conspicuously absent.'0 Hepatic enlargement was present in 4 patients and 3 had stasis cyanosis of the face.
Electrocardiograms showed sinus rhythm in 3, atrial flutter in 1 and atrial fibrillation in the fifth patient. The P wave was very prominent in all 3 patients with sinus rhythm, particularly in lead V1. The electrocardiographic position of the heart was vertical in all. Suggestive evidence of right ventricular hypertrophy was noted in only 2 patients.
Roentgenograms and fluoroscopy of the chest showed moderate to marked enlargement of the cardiac size in all patients. The enlargement involved right atrium, pulmonary artery, right ventricle and left atrium. In a patient reported by Trace and co-workers,5 there was no enlargement of the left atrium. A cinieangiocardiogram performed in one patient demonstrated prolonged retention of radiopaque substance in a large right atrium.
B. Hemodynamic Studies
The hemodynamiics in patients with predominant tricuspid stenosis have been admirably described by Ferrer and co-workers.7 The presence of a significant diastolic pressure gradient across the tricuspid valve is emphasized by most workers4 6-10; this is accentuated by exercise and is present regardless of the cardiac rhythm. As pointed out by McCord and his associates,9 the gradient was more marked during the early diastolic period than during the end-diastolic period.
Small diastolic pressure gradients across the tricuspid valve do not necessarily indicate anatomic stenosis. In another patient, not described in this report, the clinical diagnosis of tricuspid insufficiency was substantiated by finding a ",ventricular" contour in the right atrial pressure pattern during exercise. There were physical signs of associated tricuspid stenosis and a consistent diastolic pressure gradient of 2 mm. Hg across the tricuspid valve at rest. At operation it, was thought that the valve was purely insufficient.
The elevation of diastolic pressures in the right ventricle in 3 of our patients, (M. P., L. F., C. B.), before operation is difficult to explain. It is not likely that it was due to right ventricular failure, as a consequence of the associated mitral valve disease, since the right ventricular systolic pressures were only mildly elevated. Furthermore, when one of these 3 patients, (I. R.) was exercised, the right ventricular diastolic pressure fell to normal ( fig. 8 ).
In patients with sinus rhythm a giant "a" The technic may he summarized briefly as follows: The mitral valvuloplasty is completed after opening the pericardium in the usual way posterior to the phrenic nerve, then the pericardium is loosely approximated and incised again obliquely upward over the pulmonary artery from the phrenic nerve in the direction of patient's right shoulder. The ilciSiO1 is carried over the anterior aspect of the pulmonary comnus. Marsupializinig sutures are used for traction to rotate and elevate the pericardium gently, from right to left, until the enlarged right atrial appendage appears. With the appendage in the operative field, the usual circumferential purse-string sutures are placed in it and the finger fracture valvuloplasty of the tricuspid stenosis is carried out. The criteria for adequate tricuspid valvuloplasty have not been established, but aim orifice of 4 or inore sq. cm. would seem to be adequate.
At operation, a decline in the left atrial pressure followed mitral valvuloplasty and a fall in the right atrial pressure followed tricuspid valvuloplasty.
Postoperative cardiac catheterization in 2 patients revealed disappearance of the diastolic pressure gradient across the tricuspid valve, both at rest and after exercise. The pulmonary artery and pulmonary "capillary" pressures rose slightly in one patient and cardiac output increased. The pressures in the pulmonary circuit fell slightly in the other. SUMMARY 1. Tricuspid stenosis occasionally accompanies mitral stenosis.
2. Distinct findings on physical examination, electrocardiogram and x-ray examination suggest the diagnosis, (1) a diastolic rumbling murmur in the tricuspid area, accentuated by inspiration; (2) prominent "a" wave in the jugular pulse; (3) "P pulmoniale" waves in the electrocardiogram; (4) absence of signls of marked pulmionary hypertension or of right ventricular hypertrophy, although the patient is markedly disabled and (5) disproportionate right at rial enlargement by fluoroscopy.
3. The diagnosis is confirmed by a significant diastolic pressure gradient across the tricuspid valve at rest and during exercise.
